D
uring the past few years, the risk of haematopoietic cancer in patients with inflammatory bowel disease (IBD), in particular Crohn's disease (CD), has been a growing concern (summarised in table 1). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Controversy exists as to whether the underlying risks of lymphoma or leukaemia are increased and, if so, whether they are related to IBD or its treatment. Following the introduction of tumour necrosis factor (TNF) inhibitors in the treatment of CD, subsequent reports have indicated an excess of malignant lymphomas among treated patients 18 19 and raised fears of an iatrogenic lymphoma risk. However, these reports have also highlighted the lack of robust data on the expected occurrence of malignant lymphomas in TNF naïve (but otherwise treated) patients with IBD. [20] [21] [22] [23] In other inflammatory disorders, such as rheumatoid arthritis, there is a markedly increased lymphoma risk, 24 25 but our knowledge of the mechanism(s) underlying inflammation associated lymphomas is incomplete.
In IBD, the conclusion from existing studies is that the lymphoma risk remains to be properly assessed (table 1): low numbers of expected lymphomas (from 0 to 10 cases, mean 3 cases) have lead to uncertain risk estimates. Likewise, the method of patient recruitment (referral, hospital, population based) may have affected the results. With follow up times shorter than a few years and failure to assess risk by time since diagnosis of IBD, long term risks may have gone undetected. Time trends over calendar periods have not been assessed, despite an increasing use of immunosuppressive treatment over the past decade(s). Also, clinical decision making should be based on cumulative incidence rather than the exclusively reported relative risks. Bone marrow toxicity of several immunosuppressive agents, azathioprine included, warrants a proper assessment of the risk of (myeloid) leukaemia in IBD, an excess of which has been described. 2 3 26-28 In this study, we therefore assessed overall and time specific risks of haematopoietic cancers in the hitherto largest cohort of patients with IBD assembled in different but population based settings and followed for cancer occurrence for up to 40 years.
SUBJECTS AND METHODS

Study populations
Patients with IBD were identified from four population based data sources that have been described in detail elsewhere. [29] [30] [31] [32] (1) The Uppsala cohort of IBD Established in 1990 using prospectively recorded medical data, the cohort includes incident and prevalent cases in the Uppsala-Ö rebro health care region, 1965-1983. 30 Cases were identified through several routes, including histopathological examinations or surgically removed tissue and hospitalisations. The medical charts of all individuals were reviewed. In total, 2509 incident and 613 prevalent cases of ulcerative colitis (UC) and 1469 incident and 187 prevalent cases of CD were identified. For all individuals, information on national registration number (a 10 digit number unique to each Swedish resident 33 ), date of diagnosis, and extent of inflammation was recorded.
(2) The Stockholm County cohorts of IBD These cohorts include all known individuals with confirmed UC 1954 -1984 or CD 1954 -1990 in Stockholm County. 7 31 Cases were identified through manual scrutiny of files from the departments of internal medicine, surgery, paediatrics, and infectious diseases in Stockholm, and through hospitalisations. In total, 1573 individuals with UC and 1936 with CD were identified. For each individual, information on national registration number, date of diagnosis, and extent was collected.
(3) The Stockholm pancolitis register
This cohort encompasses all individuals with pancolitic UC of more than eight years' duration at the gastroenterology unit at South Hospital in Stockholm County 1973-1996. 32 For this study, information on national identification number and date of diagnosis was retrieved for 143 individuals.
(4) The inpatient register
The population based Swedish inpatient register contains individual information on inpatient care countywise since 1964 and nationwide since 1987. 34 For every hospital discharge, information on discharge diagnoses and surgical procedures is recorded according to the International For individuals found in any regional cohort (cohorts 1-3) and in the inpatient register (cohort 4), the mean time between date of diagnosis, as stated in either regional cohort, and the date of first discharge in the inpatient register was 4.4 years (median 0.5 years); 96% of these were registered with the same type of IBD in both the regional cohort and in the inpatient register. Because of the overlap between the regional and inpatient register cohorts, and after exclusion of patients with follow up times shorter than one year (see below), the analytical cohort comprised a total of 47 679 individuals (table 2) . . To assess whether patients never hospitalised for their IBD differed from ever hospitalised patients, we performed separate analyses of the regional cohorts in which patients were also censored at first hospitalisation for IBD.
Statistics
We used standardised incidence ratios (SIR, the ratio of the observed and expected number of cancers) as measures of relative risk. Expected numbers were calculated by multiplying sex, age, and calendar period specific person years of follow up with corresponding rates from the entire Swedish population; 95% confidence intervals (CI) were calculated assuming a Poisson distribution of the observed cases. 36 To avoid bias from misdiagnosis and selection, we excluded observed and expected cancers during the first year of follow up from all estimates of relative risk. Adjusted relative risks were estimated using Poisson regression with the expected number of cancers as offset. Because of the striking similarity in relative risks between the regional and inpatient cohorts, we combined these into one when modelling the SIR using Poisson regression. (Because of overlap, the sum of observed cancers in either cohort exceeded the total number of cancers in the two cohorts combined.) Estimates of cumulative incidence were calculated using the Kaplan-Meier method in SAS. The study was approved by the ethics committee at Karolinska Institutet.
RESULTS
Ulcerative colitis
The relative risk of haematopoietic cancer (45 and 147 cancers in the regional and inpatient cohorts, respectively, 165 in total) was increased 10-20% in UC (table 3) , corresponding to an excess of 0.07 haematopoietic cancers per 1000 person years, but this did not reach statistical significance. The relative risk of malignant lymphomas (n = 87 in total) was close to 1.0 in either cohort, and varied only modestly with sex, calendar period, and time of follow up (tables 3, 5). Likewise, there was little to suggest elevated risks for multiple myeloma or lymphatic leukaemia (table 3) . Myeloid leukaemia (n = 32) occurred more often than expected, with relative risks between 1.5 and 2.9 in the two cohorts (table 3) . Multivariate modelling of the relative risk of myeloid leukaemia (acute and chronic) revealed a nonsignificant tendency towards higher relative risks among men (v women) and during the 1990s (v 1980-1989) , and that the excess number of cases occurred after more than five years of follow up (table 6).
Crohn's disease
The relative risk of haematopoietic cancer (27 and 98 in the regional and inpatient cohorts, respectively, 99 in total) in CD was increased by 15-20% (significantly so only in the inpatient register cohort (table 4)), corresponding to an excess of 0.06 cancers per 1000 person years. The relative risk Table 3 Cancer risk among 27 559 Swedish patients with ulcerative colitis, identified in two regional and population based cohorts and/or in the nationwide and population based register of inpatient care of malignant lymphoma (n = 65) was increased by 30% in both cohorts but reached formal significance only in the inpatient register cohort ( Lymphoma risk in relation to extent of disease, hospitalisation, and surgery The lymphoma risk in patients for whom we had information on extent of inflammation at time of diagnosis of IBD (4441 UC and 3587 CD) was similar to that of the rest of the patients, without any clear variation in risk with extent of inflammation (data not shown). For both UC and CD, overall and site specific cancer risks in non-hospitalised patients were similar to those of the entire regional cohort, except that in CD; the relative risk (up until the first hospitalisation for CD) was not increased (SIR = 0.82 (95% CI 0.2-2.1); n = 4). Neither the number of hospitalisations listing IBD nor a history of intestinal surgery modified the lymphoma risk in UC or CD.
Cumulative incidence of lymphoma and lymphoma subtype
The absolute risk of malignant lymphomas after three decades was 1.1% and 0.7% for patients with UC and CD, respectively. These absolute risks were similar in the regional and inpatient register cohorts. A manual review of the registered subtype of 103 lymphomas that were reported in 1993 (when information on subtype was included in the Swedish cancer register) or later suggested that the distributions of lymphoma subtypes were similar in CD and in UC, and that the proportion of T cell lymphomas was approximately 10%. First year of follow up excluded. Observed (O) and expected (E) number of malignant lymphomas, standardised incidence ratio (SIR) with 95% confidence intervals (95% CI), and multivariate relative risks (RR) from models including all parameters in 
DISCUSSION
The results of our population based, partly nationwide cohort study of nearly 50 000 patients with IBD suggest that the overall risk of haematopoietic cancer in IBD may be increased, but only modestly so, and differently in UC and in CD. In UC, there was a markedly increased occurrence of myeloid leukaemia but no increased occurrence of lymphomas. In CD, the overall lymphoma risk was modestly elevated but confined to the first few years of follow up with little to indicate a long term increase in risk.
Our finding of no increased lymphoma risk in UC is in accordance with previous studies in which relative risks typically have been between 1.0 and 1.5 (crude average approximately 1.4). 1 3-6 9 11-13 It is therefore fair to conclude that ulcerative colitis is not linked to an increased occurrence of malignant lymphomas. Clinically, this means that reports of excess numbers of lymphomas in trials of new therapeutic regimens in UC should raise concern. 19 Biologically, this suggests that inflammation in UC is less lymphomagenic than, for example, in rheumatoid arthritis. 24 The slight increased lymphoma risk in CD was lower than that in the most recent and so far largest studies, [1] [2] [3] and lower than the average of all previous studies combined (crude average relative risk 1.8).
1-3 6-8 10 12 37 38 In our study, there was little to support a time dependent lymphoma risk or any heterogeneity in risk over proxy makers for disease activity, such as number of hospitalisations and intestinal surgery, but (based on small numbers) non-hospitalised CD patients were not at increased risk of lymphoma. Although we cannot formally exclude the possibility that subsets of patients with CD (characterised by factors other than those measured in this study) may be at increased risk of lymphoma, such subsets, and/or their lymphoma risk, must be small or modest.
In the hitherto largest (entirely register based) study of lymphoma risk in IBD, Lewis et al followed 17 000 prevalent cases of IBD for a mean of 3.8 years.
1 Exposure (IBD) and outcome (lymphoma) were identified in the same register. The relative risk of lymphoma was (non-significantly) 30% increased in CD and 10% increased in UC, based on seven and 11 observed cases, respectively, but relative risks by time could not be assessed, and absolute risks were not reported. Arseneau et al also used an entirely register based design, followed patients with IBD over a two year period, and observed a doubled lymphoma/leukaemia (only this combined end point was reported) risk. 2 Using a similar design, Bernstein et al observed a more than double risk of lymphoma in (men with) CD but no risk increase in UC. 3 Studies focusing on lymphoma risk following immunosuppressive treatment in IBD have (with one exception 14 ) found little to suggest a lymphomagenic potential of azathioprine. 16 39 With respect to leukaemia risk in IBD, several studies have indicated conspicuous occurrences of myelodysplastic syndromes/myeloid leukaemia and IBD 17 27 28 40-42 but large scale studies, including data on risks associated with azathioprine, are lacking. In our study, there was a non-significant tendency towards higher risks for myeloid leukaemia in UC during the 1990s but no such trend was observed for CD. Because of the relatively recent introduction of azathioprine in the treatment of IBD in Sweden (azathioprine and 6-mercaptopurine has been less frequently used in Sweden than in the USA but the use has increased rapidly in the past decade) any causal association between azathioprine and myeloid leukaemia remains to be established.
While questions such as data validity, selection, and information bias limit inferences from the above described register studies on haematopoietic cancer in IBD, [1] [2] [3] and others using similar designs, 4 37 reports based on detailed and manually scrutinised cohorts have often yielded imprecise estimates. 5 7 9-12 38 The main strength of the present study was the combination of large, detailed, population based, regional cohorts with a population based, larger, register based but less detailed (nationwide) cohort of patients with IBD. The study population not only provided good precision even for rare outcomes but also the means of assessing the consistency between the two types of cohorts. This high degree of consistency suggests that the observed risks represent valid measures in unselected populations of IBD. In the regional cohorts, the follow up of which was considerable extended compared with previous reports, the diagnoses of IBD were subject to manual scrutiny of medical files and thus were highly valid. 7 11 12 Reassuringly, among patients appearing in both the regional and inpatient cohorts, there was a high concordance (96%) for the type of IBD reported in each cohort. Recall bias and information bias were both minimised by the use of prospectively and independently recorded data on exposure and outcome, the latter identified in a nationwide register. The study period (up to four decades) provided a means of assessing variations in risk with time since diagnosis of IBD and, importantly, trends over successive decades. The increased risk of malignant lymphomas in CD during the first few years of follow up is likely to reflect misclassification of a malignant lymphoma as IBD or selection bias caused by a diagnosis of IBD for reasons related to an emerging lymphoma. TNF inhibitors have been used in the treatment of CD in Sweden since the late 1990s. Our results thus essentially apply to TNF naïve patients. Our study has some limitations. Information on extent of IBD at diagnosis was only available for patients identified in the regional cohorts, and we had no information on pharmacotherapy. Instead, we used proxy markers for disease severity (but found no association with lymphoma risk). The lack of uniform reclassification of the observed cancers according to modern techniques and classification criteria precluded a more detailed assessment of subtype specific lymphoma risks, although the proportion of T cell lymphomas was close to that expected.
In conclusion, patients with IBD have an increased relative risk of haematopoietic cancer, which in absolute terms is small. There is a markedly increased relative risk of myeloid leukaemia in UC. With respect to lymphomas, these do not occur more often than expected in UC. In CD, the relative risk is, if anything, only marginally increased, and displays little variation with factors associated with disease severity. Clinically, this suggests that reports on lymphomas in IBD treated with new drugs should raise concerns. Biologically, this suggests that the mechanisms governing inflammation associated malignant lymphomas appear to exert greater influence in rheumatoid arthritis than in IBD.
